Radiocarbon dating of closely associated marine mollusk shells and terrestrial material (mammal bones or charred wood) collected from archaeological contexts in northern Atlantic Iberian coastal areas is used to quantify the marine Results not only provide useful information on environmental conditions but also a framework to obtain more precise and reliable absolute chronologies for the Late Pleistocene and Early Holocene in northern Iberia.
were widely used by prehistoric populations in various locations, namely in coastal areas, and their shells are abundant and usually well preserved in archaeological deposits. To set up chronologies for a particular coastal area using marine samples, background research concerning the oceanographic conditions and the marine reservoir effect for the area in question is needed in order to obtain accurate and reliable results.
The residence time of carbon in the deep ocean is about 1000 yr (Sigman and Boyle 2000) . Thus, a fraction of the 14 C atoms have time to decay (half life=5730 yr) while the deep water is out of contact with the atmosphere. The deep ocean is therefore depleted in 14 C relative to the atmosphere, and the surface seawater (mixed layer) also has a 14 C specific activity lower than that of the atmosphere but greater than that of the deep ocean. Marine waters are therefore deficient in 14 C compared with the terrestrial biosphere and, consequently, marine organisms have an apparent age, the so called reservoir age. This reservoir age, R(t), is defined as the difference between conventional 14 C dates from a pair of coeval samples that lived in different carbon reservoirs (Stuiver et al. 1986 ). R(t) can vary with time, since the atmospheric 14 C content is not constant and also varies from region to region of the ocean since the oceanographic conditions present in each region are different due to the variability in water mass mixtures, wind regime, bathymetry, and upwelling of deep water.
Considering these issues, Stuiver et al. (1986) modeled the response of the world ocean to atmospheric 14 C variations. From this modeling, a calibration curve for marine samples related to the sea surface water (mixed layer) has been derived. In order to take into account the difference in 14 C content between the surface water of a specific region and the average surface water, a parameter, denoted as ER (regional marine 14 C reservoir effect) and defined as the difference between the reservoir age of the mixed layer of the regional ocean and the reservoir age of the mixed layer of the average world ocean at time t, is required (Stuiver et al. 1986 (Reimer et al. 2013 ); this marine model age is then deducted from the 14 C age of the associated marine sample to yield ER (Stuiver and Braziunas 1993) . Although reservoir ages are time dependent, ER is not according with the model mentioned above, unless some change of oceanographic conditions has occurred that is restricted to the regional ocean under consideration. This happens in regions affected by an active upwelling of deep water.
Rates of regional upwelling can vary in the course of time and as the intensity of 14 C depletion in the mixed layer depends upon the upwelling activity, it is likely that ER values can also vary in the course of time (Stuiver and Braziunas 1993 , Kennett et al. 1997 , Ingram 1998 , Ascough et al. 2005 . For instance, for the western Portuguese coast, a ER mean value of 250±25 14 C yr was determined for modern times (AD 1880 (AD 1940 , while for the period 3000 600 BP ER takes a mean value of 95 ± 15 14 C yr (Soares and Dias 2006) . On the other hand, R(t), taking into consideration its definition mentioned above, always takes a positive value, but ER can be either positive or negative (see, for instance, Braziunas 1993: Fig. 16, Stuiver et al. 2016 ).
Large positive ER values are usually associated with a strong upwelling, while negative values can be associated with a non existent upwelling and some stratification of the water column.
Previous research concerning the variability of ER in coastal waters off Atlantic Iberia allowed the quantification of this parameter (Figures 1 and 2 Figure 1 ). al. 2015b; Gutiérrez Zugasti, 2011; , 2015 dominant wind pattern on these coasts is a consequence of the location of the Azores high, which causes changes in wind direction and intensity. These changes, consequently, modify the hydrographic structure of the water column. Hence, the atmospheric circulation associated with the Azores high corresponds to westerly winds off the Atlantic Iberian coast in the winter (the Azores high occupies its southern position) and to considerably stronger northerly and northwesterly winds in the summer, since the Azores high moved to its most northern position. These northerly summer winds induce Ekman transport offshore along the western coast, i.e. they are clearly upwelling favorable from June to September. Besides, the western Iberian shelf forms a complex oceanographic system due to its location, size, coastline, and bathymetric features, where a variety of micro , meso , and macro scale physical processes occur, including coastal upwelling and coastal downwelling (Wooster et al. 1976 ). Northerly winds cause upwelling; downwelling occurs from October to March, when the coast is under the influence of southerly winds due to the reinforcement of the Iceland low, while the Azores high occupies its most southerly position (Fiúza 1982 (Fiúza , 1983 Fiúza et al. 1982; Ferreira 1984; Nogueira et al. 2003; Lorenzo et al. 2005; Varela et al. 2005) .
Galicia is located at the northern limit of the upwelling area of the NE Atlantic. Cape (ENACW st ) prevails during the summer upwelling (Castro et al. 2000) . Besides the different origin of the upwelled waters, also a lesser intensity of upwelling occurs in the northwestern Galician shelf, and the existence of a thermohaline front near the coastline is characterized by short lived events concentrated around the favorable season (Botas et al. 1990; Gil et al. 2002; Gil 2003; Llope et al. 2006 ). This upwelling system differs from that on the western coast, where a nearly constant upwelling is usually present throughout the year (Alvarez et al. 2011 ). An important topographic feature located in the central Cantabrian coast is the Cape Peñas, which reinforces wind driven upwellings to the west of the Cape. The sea surface temperature follows the expected seasonal warming and cooling pattern, which determines processes of stratification and mixing of the water column. During summer the stratification of the water column occurs to a depth of 50 m, which can be broken by upwelling events, while during winter the water column remains mixed (Lavin et al. 1998) . Comparing the upwelling phenomenon on the western and northern coasts of Iberia, it can be concluded that upwelling events are more frequent and intense along the western coast than along the northern one. On the other hand, the most favorable upwelling conditions correspond to the spring summer period on the western coast and only to summer in the Cantabrian Sea, when the stratification of the water column is well established (Alvarez et al. 2011) .
MATERIAL AND METHODS
Pairs of closely associated archaeological samples (marine shells and bones/charred wood) from several depositional contexts were collected for radiocarbon dating in order to quantify the marine 14 C reservoir effect of coastal waters in the Cantabrian Sea (northern Iberia) ( Table 1) . Twenty one samples were selected from the material recovered at six archaeological sites (see Figure 3 for a location of the sites), following two different strategies: 1) paired samples from five sites previously excavated by other Each selected pair comes from the same excavation unit, from the same square and, when possible, from the same subsquare and spit (see Table 1 ). In the second case, terrestrial and marine samples that were found together or separated apart by just a few centimeters were selected for radiocarbon dating, i.e. samples where very accurate data on the provenance of the samples and on their stratigraphic relationships is known. Bone, shell and charred wood samples from the six sites were subjected to species identification prior to dating. In the case of bones, the anatomical part was also identified. Bone samples belong to roe deer Capreolus capreolus, red deer Cervus elaphus and ibex Capra pyrenaica. Sometimes species identification was not possible and bones were simply identified as ungulates. Shell samples collected from museums/universities belonged to the limpet Patella vulgata, whilst shell samples recovered at El Mazo were topshells Phorcus lineatus (Table 1) . Both marine species were certainly collected alive by humans to be used as food. The charred wood samples used in the study were identified as Corylus avellana, the common hazel, a shrub that can live for a few decades.The characteristics of the sites, the excavation techniques used and the analysis of sample taphonomy confirm the integrity of the samples included in our study (García Escárzaga et al. 2015a; Gutiérrez Zugasti et al. 2013 ).
All samples were radiocarbon dated by AMS. Ten shells, seven bones and two charred wood samples were run at the Oxford Radiocarbon Accelerator Unit (ORAU) following routine pretreatments and standard dating procedures that included ultrafiltration and Cherkinsky et al. (2010) and Vogel et al (1984) . 14 C ages were calculated in accordance with the definitions recommended by Stuiver and Polach (1977) .
ER values were calculated by converting the terrestrial biosphere sample 14 C age into a marine model age (see Table 2 ), which was subtracted from the 14 C age of the associated marine shell sample to yield ER (Stuiver and Braziunas 1993; Reimer et al. 2002) . We also followed the recommendations of Ascough et al. (2005 Ascough et al. ( , 2007 Ascough et al. ( , 2009 ) and Russell et al. (2011) for calculating the ER values.
The original focus of the research projects involved in this study was to set up absolute chronologies for Upper Paleolithic and Mesolithic contexts, which led to a reduced number (only one case -Mazaculos II, see Table 1) The reservoir age R(t) was also determined following Stuiver et al. (1986) . 
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RESULTS AND DISCUSSION
R(t) and ER values of the terrestrial/marine pairs collected from the archaeological contexts mentioned above are listed in Table 2 . The context age, also presented in Table   2 , was determined by using the samples of terrestrial origin. These ages are presented as conventional 14 C dates and also as calendar dates using the IntCal13 calibration curve (Reimer et al. 2013 ) and the program CALIB (Stuiver and Reimer 1993) .
It must be noted that all the dated samples are short lived samples with the exception, 
51)). Values from
Mazaculos II should be considered as reliable since two terrestrial samples were used in the calculations. Two hypotheses can be proposed to explain the difference: 1) the shell sample used for radiocarbon dating at Mazaculos II comes actually from an older level;
2) oceanographic conditions suffered changes during the Early Holocene in northern Iberia. Excavations at Mazaculos II were carried out using modern techniques (González Morales and Marquez Uría, 1978; González Morales et al. 1980) , differentiating when possible independent depositional events that have occurred. In fact, level 1 was divided into three different sublevels due to variations in the characteristics of the shell deposits identified during excavation. Therefore, shell samples should have been recovered successfully according to their separate stratigraphic provenance. Nevertheless, it is possible that the shell sample used for radiocarbon dating in our study was recovered at the contact between level 1.3 and level 2, where shells from both layers could have been mixed together, in which case the dated shell would be older than other shells recorded in layer 1.3. Unfortunately it is not possible to corroborate this hypothesis since no coordinates were recorded on individual shells. Although the most part of the Holocene was characterized by climatic stability, some important environmental changes have also been recorded (Bond et al. 1997 (Bond et al. , 2001 von Grafenstein et al. 1998; Rasmussen et al. 2007 (Bard 1988 , Bard et al. 1994 , Stern and Lisiecki 2013 
